. These phases correspond to a birness ite-type sodium manganese oxide which has layered struc ture with crystal water and Na+ between the MnO6 octa hedral sheets, as shown in Fig. 3 . The sodium manganese oxide has a basal spacing of 1.004nm along the c-axis with a double crystal water sheet between the MnO6 octahedral sheets before air-drying,20),21) and a basal spacing of 0.724 nm along the c-axis with a single crystal water sheet be tween the MnO6 octahedral sheets after air-drying.1),2) The transformation from the 1.0nm birnessite to the 0.7nm bir nessite is irreversible. This property is different from birnes site-type lithium and potassium manganese oxides prepared by similar method,18),19) where the basal spacings (0.712 and 0.726nm for the lithium and potassium manganese oxides, respectively) keep almost constant before and after air-drying. This suggests that only 0.7nm birnessite phases with the single crystal water sheet are formed in the lithium and potassium manganese oxides. The basal spacings of dried birnessites prepared by this method increase in an ord er of potassium manganese oxide>sodium manganese ox ide>lithium manganese oxide, corresponding to the in creasing ionic radii of alkali metal ions in the interlayer space. When the mole ratio of NaOH/Mn(NO3)2 is around 4.0, the intensity of the diffraction peak at 0.724nm shows a maximum, indicating that the good crystalline birnessite phase can be obtained at this condition. sus the mixed mole ratio of NaOH/Mn(NO3)2 are shown in Fig. 7 . The Na/Mn mole ratios in the original samples and hydrothermally treated samples in NaOH and NaCl solu tions increase with increasing NaOH/Mn(NO3)2 rapidly in the range of NaOH/Mn(NO3)2<3.33, respectively, but almost keep constant in the range of NaOH/Mn(NO3)2 >3.33. The increases in the Na/Mn mole ratios in the range of NaOH/Mn(NO3)2<3.33 are due to the increase in the fraction of the birnessite phase. The Na/Mn mole ratio increased after hydrothermally treating in NaOH solution, but it was almost constant after hydrothermally treating in NaCl solution. The Na+ increase in the interlayer space of birnessite structure results an increase in electrostatic force attracting between the negatively charged sheets of MnO6 octahedra and the Na+ ions in the interlayer space, which stabilizes the birnessite structure. Since there are almost not Na+ in the HCl treated samples, they change to pyrol site structure. The mean oxidation numbers of manganese for the origi nal sample (BirMO) prepared at NaOH/Mn(NO3)2=4.0 and samples (BirMO-OH, BirMO-Cl, and BirMO-H) which were obtained by hydrothermally treating BirMO in NaOH, NaCl and HCl solutions, respectively, were meas ured ( Table  1 4. Conclusions The formation of birnessite-type sodium manganese oxide by the reaction of Mn(NO3)2 solution with NaOH H2O2 mixed solution at room temperature is dependent on the mixed mole ratio of NaOH/Mn(NO3)2. The manganese oxide has layered structure with double crystal water sheets and sodium ions in the interlayer space and basal spacing of 1.004nm along the c-axis before air-drying, with single crystal water sheet and sodium ions in the interlayer space and basal spacing of 0.724nm after air-drying at room temperature. The hydrothermal treatments of the bir nessite-type sodium manganese oxide cause increase the crystallinity of the birnessite in NaOH solution, damage to birnessite structure in NaCl solution and transformation of the birnessite structure to the pyrolusite structure in HCl so lution, respectively.
